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pressed user interface image information in the form of video
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ponents cooperate to implement optimized Ul remoting that
is bandwidth efficient, low latency and CPU efficient.
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1
APPLICATION DIRECTED USER
INTERFACE REMOTING USING VIDEO
ENCODING TECHNIQUES

TECHNICAL FIELD

The present disclosure relates to methods, techniques, and
systems for user interface remoting and, in particular, to
methods, techniques, and systems for application directed,
efficient remoting of interactive user interfaces using video
streaming and/or video encoding technologies.

BACKGROUND

The computing industry is evolving to a model of comput-
ing where the bulk of storage and computing occur at a
datacenter or in the “cloud” (e.g., networked, Internet-acces-
sible storage) and rich user experiences can be remoted to the
user’s location, using client devices of many different form
factors. Significant advancements in virtualization infrastruc-
ture, networking infrastructure, as well as the diversity and
proliferation of highly capable and portable client devices,
have made such remote access highly viable and desirable.
For example, itis not uncommon for employees, especially of
large organizations, to work remotely and still desire and/or
require use of their desktops and applications at their home
offices. This has become possible through virtualization tech-
nology that allows a user’s desktop and applications to be run
in a datacenter while the actual user interface (the input/
output—-“1/O”—to the desktop and applications) is mim-
icked on a remote client device. Mimicking of the user inter-
face is accomplished by “remoting” the user interface—that
is directing (e.g., sending, forwarding, transmitting, commu-
nicating, or the like) screen output to the remote device (for
example, to a display associated with the client device) and
receiving input device data from the remote device (for
example, through keyboard, mouse, touch, or other device
input). The entire desktop (for example, the user interface of
an operating system running on a host computing system or
virtualization server) or a single application running on the
desktop may be remoted on devices such as smart phones,
tablets, notebook personal computers (PCs), desktop PCs,
smart TVs, other form-factor computing devices, and the like.

Some challenges, including the latency of data arriving to
and from such client devices, which impact the user experi-
ence, remain. Latency may be a result of limitations of the
client devices and/or the networks connecting the client
devices to the servers where the desktops and/or applications
are running (or hosted). In addition, some networks and/or
client devices have bandwidth limitations that can make it
difficult to present a rich user interface experience in a respon-
sive way. The more data that needs to be transferred quickly to
a client device, the more likely latency and bandwidth limi-
tations are encountered.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of an example virtualization
server computing system for executing example embodi-
ments of enhanced user interface remoting.

FIG. 2 is an example block diagram of components of an
example User Interface Remoting and Optimization System.

FIG. 3 is a block diagram of an overview of example video
streaming using an example generic video streaming proto-
col.
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2

FIG. 4 depicts an overview of an example video encoding
technique performed according to the H.264 video streaming
protocol.

FIG. 5 depicts an example of pixel movement according to
an example operation of a user interface.

FIG. 6 is a flow diagram of example server logic for
enhanced user interface remoting according to an example
embodiment.

FIG. 7 is a flow diagram of example logic for analyzing a
user interface for determining reusable pixel data according
to an example embodiment.

FIG. 8 is a flow diagram of example logic for determining
and generating an encoding of user interface data using a
video streaming protocol according to an example embodi-
ment.

FIG. 9 is a flow diagram of example client logic for decod-
ing and rendering a received video bitstream according to an
example embodiment.

DETAILED DESCRIPTION

Embodiments described herein provide enhanced com-
puter- and network-based methods, techniques, and systems
for user interface remoting using video streaming techniques.
Asused herein, the phrase, “user interface remoting” refers to
either remoting an entire desktop and/or an application user
interface unless noted otherwise. Example embodiments pro-
vide a User Interface Remoting and Optimization System
(“UIROS”), which enables virtualization environments to
efficiently remote user interfaces on behalf of their guests
(guest operating systems and/or guest applications) using
generic video streaming techniques, such as the well-known
H.264 video encoding standard, to send compressed user
interface image information in the form of video frame
encoded bitstreams. A generic video stream technique (e.g.,
format, codec, or the like) refers broadly to one not specifi-
cally optimized or designed for user interface remoting and
thus may include formats that can be decoded, for example,
by off-the-shelf, proprietary, standardized, or other video
decoders (e.g., generic video decoders). This enables a client
device with a generic (often hardware or embedded) video
decoder to perform user interface (UI) remoting without
being specifically or specially programmed to do so.

The UIROS exploits user interface semantics to take
advantage of the high “frame” coherency that user interfaces
commonly exhibit. That is, for many user interface opera-
tions, only a small portion of pixels change between consecu-
tive frames (frames as defined by the video streaming proto-
col used). Commonly, for example in user activities such as
scrolling, window moves, uncovering regions, and the like, a
set of pixels which have already been transferred to a client
device are re-positioned (e.g., moved to a new location) in the
target frame, but not changed otherwise. This allows client
devices to cache and reuse pixel information on the client side
receiving only information relating to how the pixel informa-
tion has moved in the target frame and any new information
that needs to be rendered. Example embodiments of the
UIROS advantageously send only these updates as video
frame encoded bitstreams, so that client devices receive more
compact and faster updates thereby increasing the overall
efficiency of remoting user interfaces and thus decreasing Ul
latency. Client devices may include any type of device that
supports the video streaming protocol employed, such as for
example smart phones, tablets, notebook computers, desktop
computers, smart televisions (TVs), and the like.

In addition, by using generic video streaming protocols,
such as H.264 (otherwise known as Advanced Video Coding),
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H.265, Microsoft’s VC-1, or Google’s VP8, the UIROS can
exchange optimized user interface remoting data with client
devices without need for a specialized, potentially high cost,
proprietary device driver or specialized hardware installed on
the client. This is because many client devices are shipped
already with hardware accelerators that support video decod-
ing using these standards, and most popular web browsers
(such as Internet Explorer, Google, and Chrome) are now
configured (or in the near future will be configured) to use
HTML 5, which supports a <video> tag for providing a stan-
dard network protocol for transmitting a video stream, such as
H.264 over TCP/IP, which may be passed through to a resi-
dent hardware accelerated decoder, if available. The H.264
standard, described further below, defines the syntax of an
encoded video bitstream in addition to the techniques for
decoding the bitstream. Although described with reference to
H.264, itis to be understood that the techniques, methods, and
systems described herein also will operate with any other
generic video standard, and that H.264, VC 1, and VPS8 are
simply examples thereof. Note that the techniques, methods,
and systems described herein will operate with proprietary as
well as standardized or public video formats (for example,
those approved by a standardization organization or publicly
available); however, one of the desired outcomes of these
techniques is to operate with standard web browsers execut-
ing on unmodified client devices that include generic video
decoders in order to make optimized user interface remoting
viable for everyone on all sorts of client devices. Using a
generic protocol and directing updates to a web browser (or
the native video driver) that provides built-in support for
video streaming in client devices eliminates a need to create
specialized client devices with specialty device support for UI
remoting.

In typical video streaming, different techniques, including
exhaustive searching, are used to determine motion estima-
tion—to determine how pixels change from frame to frame.
Motion estimation is the process of finding similar blocks of
pixels (of a defined size, for example 16x16 or 4x4) to a target
block of pixels. Similarity is defined in different ways by
different algorithms. If a similar block of pixels is found, then
only movement and/or difference data needs to be transmitted
(e.g., communicated, forwarded, sent, or the like) and a ref-
erenceto the similar block of pixels instead of all of the pixels.
Exhaustive searching techniques for determining motion esti-
mation are CPU intensive and sometimes prohibitive.

As described in detail below, using video streaming tech-
niques for Ul remoting presents opportunities for optimiza-
tion that do not use such exhaustive searching techniques.
Because of the frame coherency of many user interface activi-
ties, the UIROS can more easily locate similar frames during
the motion estimation process. For example, the UIROS may
determine pixel reusability by examining one or more of the
following: the frame buffer used by the guest in addition to
analyzing user input device movement, the graphics com-
mands sent by the guest to the virtualization support code
(such as the virtualization logic, or a component thereof) or to
the host computing system, and commands invoked by a
guest application using an applications programming inter-
face (“API”) directed to this purpose as described further
below. This examination process may provide a “fingerprint”
of activities that result in or should result in reusable blocks.
The UIROS may also analyze feedback information about
client load and network conditions to adjust (e.g., calibrate,
tune, etc.) the timing and/or content of the video encodings
and streaming.

FIG. 1 is a block diagram of an example virtualization
server computing system for executing example embodi-
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4

ments of enhanced user interface remoting. Virtualization
server computing system 100 may be configured on a per-
sonal computer, a laptop, or server (host) hardware platform
101, such as an x86 architecture platform. Note that a general
purpose or a special purpose computing system suitably
instructed may be used to implement the virtualization server
computing system 100. The virtualization server computing
system 100 may comprise one or more server computing
systems and may span distributed locations. In addition, each
block shown may represent one or more such blocks as appro-
priate to a specific embodiment or may be combined with
other blocks.

In the embodiment illustrated, host hardware platform 101
may comprise a computer memory 102, one or more central
processing units (“CPU”) 103, a frame buffer (“FB”’) 104, and
one or more network connections, accessible for example via
network interface card (“NIC”) 105. In addition, the host
hardware platform 101 may optionally comprise other com-
ponents such as one or more displays 109, graphics process-
ing units (“GPU”) 108, input/output (“I/0”) devices 111 (e.g.,
keyboard, mouse, CRT or LCD display, etc.), or other com-
puter readable media 110.

Virtualization logic 120 is loaded into memory 102 of host
hardware platform 101 and may execute on one or more
CPUs 103. Virtualization logic 120 may alternatively be
implemented in software, hardware, or firmware, or some
combination thereof. Virtualization logic 120, includes one or
more virtual machine monitors (VMM) 142a-142¢ and VMX
processes 151a-151¢, which can support multiple virtual
machines (VM) 141a-141¢, which can concurrently be
instantiated and executed. As used herein a “virtual machine”
or VM is an abstraction representing the execution space that
a guest operating system and applications (the “guest”) may
execute within, such as VM 141a-141c¢. Each virtual machine
141a-141c¢ may include a guest operating system (guest OS),
e.g., guest OSes 143a-143¢, and one or more corresponding
applications, e.g., guest applications 144a-144¢, running on
each respective guest OSes 143a¢-143c. In one example
embodiment, each VM, when executing, is made accessible
to a different user who is remotely connected from a different
client connection. The number of VMs supported by any
particular host may vary, for example, based on aspects such
as the hardware capabilities, virtualization logic configura-
tions, and desired performance. Other code 161 may also
execute on virtualization logic 120.

Each VM 141a-141¢ may require virtualization of one or
more aspects implemented by the virtualization logic 120
and/or the host hardware platform 101. That is, the virtual-
ization logic 120 may provide emulated hardware and drivers
to each VM. For example, through the VMX processes 151a-
151¢ and the VMMs 142a-142c, the virtualization logic 120
may provide one or more of a virtual CPU (“VCPU”), a
virtual memory (“VMEM”), virtual device drivers (“VDD”),
a virtual file system and virtual disks, virtual network capa-
bilities, and virtual graphics capabilities, such as virtual
graphics adaptors drivers and command emulation, and the
like. Each virtualization environment may function as an
equivalent of a standard x86 hardware architecture platform
such that any operating system (e.g., Microsoft Windows®,
Linux®, Solaris®86, NetWare, FreeBSD, etc.) may be
installed as a guest OS (e.g., guest OS 1434-143¢) to execute
applications in an instantiated virtual machine. Note that in
other embodiments, virtualization of other hardware archi-
tectures may be supported.

In one embodiment, the virtualization logic 120 provides
virtualized storage support through a distributed VM file sys-
tem 132, storage stack 131, and device drivers 130 that com-
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municate with the physical data drives 106 and 107. In addi-
tion, the virtualization logic 120 provides virtualized network
support through a virtual switch 133 and network stack 134 to
communicate with NIC 105 of the host hardware platform
101. This support may be used to provide the TCP/IP con-
nections at the virtualization logic level referred to elsewhere
herein. Also, the virtualization logic 120 provides virtualized
graphics support through the SVGA (or VGA) graphics adap-
tor implementations which use the server graphics API 121
(such as OpenGl, Xserver implementations, etc.) to commu-
nicate with graphics drivers 122 that manage and fill frame
buffer 104 of the host hardware 101 using graphics com-
mands. In certain embodiments, the graphics capabilities of
the host hardware platform 101 may be accelerated through
the use of one or more GPUs 108.

In some embodiments, the virtualization execution envi-
ronments are provided through both a process executing at
USER (less privileged mode), referred to as the VMX process
(e.g., VMX processes 151a-151¢) and the VMM executing in
a more privileged state (e.g., VMMs 1424-142¢). Each VM
141a-141c effectively executes in the process space of its
respective VMX process 151a-151c¢ (that is its memory is
mapped to each respective VMX process). A VMX process,
for example processes 151a-151¢, may comprise an MKS
(mouse, keyboard, screen) thread (e.g., thread 1524) for pro-
cessing input and output from the respective VM, e.g., VMs
141a-141c. In one example UIROS, this is where the Ul
remoting logic and support resides and executes, as will be
described in detail below. A VMX process also includes
USER mode graphics level support, such as a virtual SVGA
driver 153a. Each VMX process and VMM pair cooperate to
provide the effective (and isolated) virtualization execution
environment for each VM to run. In general operation, the
virtualization logic 120 receives requests from the virtualized
device drivers implemented by the VMMs and VMX pro-
cesses, translates (or otherwise transfers, forwards, sends, or
communicates) these requests to corresponding requests to
real device drivers 130 or 122 that communicate with real
devices resident in the host hardware platform 101 (such as
frame bufter 104, NIC 105, etc.).

The various terms, layers, categorizations, components
used to describe the virtualization server computing system
100 of FIG. 1 may be referred to differently without departing
from their functionality or the spirit of this disclosure. Also,
one or more of the components may not be present in any
specific implementation. For example, the virtual compo-
nents shown as part of virtualization logic 120 that are not
included in each VMM 142a-142¢ (for example, one or more
of components 130-134, 121-122, or the like) may be consid-
ered in other embodiments to be part of the VMMs 142a-
142¢. In addition, in some embodiments, no VMX process is
used and the MKS thread capabilities, including the UI
remoting, and virtual graphics adaptor support are integrated
instead into the VMMs 142a-142¢ or into other parts of the
virtualization logic 120. Also, in some embodiments the
VMM 142a-142¢ may be considered to be separate from or
part of the VM 102. Embodiments of the UIROS may be
practiced in other virtualized computing environments such
as hosted virtual machine systems, where the virtualization
logic 120 is implemented on top of an operating system
executing on host hardware platform 101 instead of directly
on the host hardware.

Furthermore, in some embodiments, some or all of the
components of the virtualization server computing system
100 may be implemented or provided in other manners, such
as at least partially in firmware and/or hardware, including,
but not limited to one or more application-specific integrated
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circuits (ASICs), standard integrated circuits, controllers
executing appropriate instructions, and including microcon-
trollers and/or embedded controllers, field-programmable
gate arrays (FPGAs), complex programmable logic devices
(CPLDs), and the like. Some or all of the components and/or
data structures may also be stored as contents (e.g., as execut-
able or other machine-readable software instructions or struc-
tured data) on a computer-readable medium (e.g., a hard disk;
memory; network; other computer-readable medium; or
other portable media article to be read by an appropriate drive
or via an appropriate connection, such as a DVD or flash
memory device) such as computer readable medium 110 to
enable the computer-readable medium to execute or other-
wise use or provide the contents to perform at least some of
the described techniques.

FIG. 2 is an example block diagram of components of an
example User Interface Remoting and Optimization System.
In one embodiment, the User Interface Remoting and Opti-
mization System (UIROS) comprises one or more functional
components/modules that work together to send user inter-
face updates to a client device using video compression and
streaming techniques. These components may be imple-
mented in software, hardware, firmware, or a combination. In
FIG. 2, aUIROS comprises server side support that resides on
one or more host or server computing systems 201 and client
side support that resides on one or more client devices 220.

In an example embodiment, the server side support
includes a Ul remoting server 204, a video encoder 205, and
rendering support 206. In some embodiments, these compo-
nents execute as part of the VM Support 203, for example, as
part of a process (e.g., the VMX process in VMware’s virtu-
alization environment) that executes on virtualization logic
202, which is hosted by host/server computing system 201.
For example, these components 204-206 may execute as part
of'an MKS (mouse, keyboard, screen handling) thread 152a,
which executes as part of VMX processes 151a-151c¢ as
described with reference to FIG. 1. In other embodiments,
these components may be implemented in other parts of the
virtualization environment such as part of each VMM (virtual
machine monitor, e.g., VMMs 142a-142¢) or as other parts of
virtualization logic 202. The rendering support 206 is respon-
sible for receiving the virtual graphics device commands
from guest 210 (guest applications 213 executed from the
desktop 212 using the guest operating system 211) and car-
rying them out through the graphics stack (shown in FIG. 1 as
graphics API 121 and graphics drivers 122) to the graphics
hardware associated with the host 201, such as frame buffer
104. The video encoder 205 is responsible for encoding the
user interface updates as will be described in detail further
herein, when invoked by the user interface remoting (UIR)
server 204. The UIR server 204 can transmit user interface
updates to a connected client device 220 through a TCP/IP
connection 207 in the VM support 203 (virtualization logic
202, or host 201) or through a TCP/IP connection 217 in the
guest operating system (guest OS) 211 for some client device
interfaces that may be optimized to receive Ul remoting from
the guest OS 211 instead of from the virtualization support
201, 202, or 203.

The client device 220 receives the Ul display updates
through its TCP/IP connection 227 and user interface remot-
ing (UIR) client 224. The Ul display updates may be initially
received through web browser code connected through the
TCP/IP connection, which passes the information (e.g., redi-
rects, forwards, communicates, or sends it) to the UIR client
224 and/or the video decoder 225. For example, in some
embodiments, the Ul display updates are handled by the web
browser code’s implementation of a <video> tag, for
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example, as available under the HTML 5 standard, to send the
updates to the video decoder 225. In other embodiments, for
example those that use an intermediary, such as UIR client
224, the web browser code may pass the video bitstream to the
UIR client 224. The UIR client 224 may be implemented, for
example, as Javascript downloaded to the client device upon
connection to the VM (or at other times), to meter how the
video is processed as opposed to using whatever implemen-
tation the browser code supports for the <video> tag. The
video decoder 225 is then invoked (e.g., by the web browser
code or by the UIR client 224) to reconstruct the bitstream
(e.g., from a previous cached frame on a move, scroll, expose
region, or similar operation) and sends (e.g., forwards, trans-
mits, communicates, etc.) the data stream to be rendered on
display 226.

In example embodiments, the components of the server
side support and client side support of a UIROS are imple-
mented using standard programming techniques. In general, a
range of programming languages known in the art may be
employed for implementing such example embodiments,
including using object-oriented, functional, scripting, and
declarative languages. In addition, in other embodiments the
functionality of the different components may be distributed
amongst themselves in different ways or distributed in other
ways, yet still achieve the functions of a UIROS.

As mentioned, in some embodiments, the UIR server 204,
UIR client 224, video encoder 205, and video decoder 225
utilize video streaming and compression techniques defined
by the H.264 standard, although other streaming and com-
pression techniques may be substituted. FIG. 3 is a block
diagram of an overview of example video streaming using an
example generic video streaming protocol. In this example, a
video source 300 is encoded and transmitted to generate
video output 315 using techniques that minimize updates
based upon recognizing that previous data can be used to
generate a current frame. In particular, the video source 300 is
examined by prediction logic 301 (e.g., code, component,
block, program, task, etc.) using a process known as motion
estimation to determine to which other data the current block
to be rendered corresponds. In some embodiments, other data
in the current frame is used to predict the data in the current
block (“intraframe” prediction). In other embodiments, data
from a block in a prior transmitted frame is used to predict the
data in the current block (“interframe” prediction). For video,
avariety of motion estimation algorithms may be used includ-
ing exhaustive searching. When using the H.264 standard,
blocks of different sizes may be used, including 16x16 pixel
blocks down to 4x4 pixel blocks. Once the prediction block is
selected, and it is determined how the block is to be relocated
to result in the current (desired) block to be rendered, the data
is transformed by transform component 302 (e.g., module,
logic, block, code, program, task, etc.) according to tech-
niques of the streaming and compression protocol and then
encoded (and typically compressed) into a bitstream by
encode component 303. The encoded bitstream is then trans-
mitted or stored 310 in an appropriate syntax to be delivered
to a target (e.g., client) device based upon the video format.
When received on the client device, the encoded (and typi-
cally compressed) bitstream is then decoded by decode com-
ponent 311 and then an inverse transform is conducted on the
information in the bitstream using transform component 312
to resurrect information for building the block to be rendered.
The transform data along with other data from the bitstream
(for example, a pointer, reference, etc. to a prediction block)
is then used by the reconstruct component 313 to produce
video output 315 for rendering.
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When using the H.264 standard, the UIROS determines a
prediction block (called a “prediction macroblock™) and cal-
culates a motion vector encoding how that block is to be
moved to efficiently represent many user interface activities
addressed in Ul remoting. FIG. 4 depicts an overview of an
example video encoding technique performed according to
the H.264 video streaming protocol. The example depicted
utilizes interframe prediction (using a previously encoded
and transmitted frame) to perform encoding. That is, a prior
frame I 401 is used to find a macroblock 402 that is similar to
a macroblock 412 in the current frame I+1 410 to be encoded
and transmitted. Prediction macroblock 402 in a past trans-
mitted frame 401 is depicted as containing the exact same
pixel data that is to be presented in the macroblock 412 which
is being encoded. The motion vector 413 in the current frame
410 being encoded captures the movement of that macrob-
lock from its prior position (411) to its destination position
(412). According to the H.264 standard, a residual macrob-
lock 414 is computed that contains differences between the
prediction macroblock 402 and the target macroblock 412
being encoded. Due to the nature of Ul encoding (bit-blit
operations), the residual macroblock 414 is typically null/
empty because the information is not changed, just moved.
The H.264 standard specifies how the prediction macroblock
402 is encoded, along with motion vector 413, so that the
decoder can reuse an already received block of cached pixel
data (411), move it to the position indicated by motion vector
413, and apply any information contained in the residual
macroblock 414 to render the resultant macroblock 412. The
H.264 standard specifies how all of this information is
encoded into a compressed bitstream that is compact and
efficient. More information on the H.264 standard is
described in kin Richardson, White Paper: A Technical Intro-
duction to H.264/4AVC, VCcodex, 2002-2011, and in lain
Richardson, White Paper: An overview of H.264 Advanced
Video Coding, Vcodex/OnceCodec, 2007-2011 incorporated
herein by reference in their entireties.

When used with Ul remoting, the UIR server (e.g., UIR
server 204 of FIG. 2), incorporates knowledge of user inter-
face activities to perform motion estimation—to determine
an appropriate prediction macroblock for each block being
encoded and transmitted to the client device. For example,
when a user scrolls a document or moves something on the
desktop, for example a window, the UIR server can compute
what pixels remain the same and what is the new content
(additional pixels) for the client device to render. Using H.264
(or any other similar video encoding) the UIR server can send
to the client device indications of predictive macroblocks and
their motion vectors to correspond to the portions of the user
interface that are still to be rendered but in a different location.
The UIR server then only needs to encode as new data the
pixels that are now to appear on the display screen (be ren-
dered by the client device).

FIG. 5 depicts an example of pixel movement according to
an example operation of a user interface. In this case, the
example operation is a scrolling operation. This example
depicts a document in Frame 1 501 being manipulated on a
virtualization server. The content of the document presently
being displayed (before the user interface operation) is shown
in Frame 1 501. These are the pixels that have already been
remoted to a client device. The content that is available in the
text to be displayed, but not yet displayed, is shown as text
504. When a user performs a scroll down operation (the text
scrolls up), the content with dotted box 503 in Frame 1501 is
already cached on the client device and therefore can be
encoded as prediction macroblocks and motion vectors 505
that will reflect the content (indicated as within dotted frame
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513) in a new position in Frame I+1 510. The new content is
shown within dotted box 515. The pixels in box 515 are the
pixels that need to be encoded and transmitted to the client
device to complete rendering of the scrolling operation. Thus,
when the UIR server uses video encoding to encode the
outcome of the scroll operation, the UIR server will use
prediction macroblocks from Frame I 501 and motion vector
505 to communicate to the client to reuse the pixel data shown
in dotted box 513 moved to a new position and to render new
(encoded and transmitted) content 515.

Although the examples described herein often refer to
remoting a user interface desktop and such actions as scroll-
ing, moving, grabbing, pinching, and exposing regions or
pixels, the techniques described herein can also be used to
render any type of display presentation. In addition, the con-
cepts and techniques described are applicable to other video
encoding techniques, including other types of video encoding
technologies and browsers that support the same. Also,
although certain terms are used primarily herein, other terms
could be used interchangeably to yield equivalent embodi-
ments and examples. In addition, terms may have alternate
spellings which may or may not be explicitly mentioned, and
all such variations of terms are intended to be included.

Example embodiments described herein provide applica-
tions, tools, data structures and other support to implement a
User Interface Remoting and Optimization System to be used
to remote Uls using video encoding technology. In the fol-
lowing description, numerous specific details are set forth,
such as data formats and code logic sequences, etc., in order
to provide a thorough understanding of the described tech-
niques. The embodiments described also can be practiced
without some of the specific details described herein, or with
other specific details, such as changes with respect to the
ordering of the logic, different logic, etc. Thus, the scope of
the techniques and/or functions described are not limited by
the particular order, selection, or decomposition of aspects
described with reference to any particular routine, module,
component, and the like. For example, given the time criti-
cality of the actions involved in Ul remoting, the decompo-
sition into multiple sequences as depicted in FIGS. 6-9 may
not likely to be reflected in a live implementation, but is so
depicted for ease of description.

FIG. 6 is a flow diagram of example server logic for
enhanced user interface remoting according to an example
embodiment. Logic 600 may be executed, for example,
within MKS thread 1524 of the UIR server 204 in FIG. 2 of
virtualization logic 120 in FIG. 1. This logic illustrates the
overall flow for remoting a Ul (such as a user desktop) to a
client device.

Inblock 601, the logic analyzes the user interface subject to
remoting for reusable pixel information in the portion of the
user interface that has changed. This analysis is described in
detail with respect to FIG. 7. In overview, the UIR server
determines whether the Ul command is one that results in a
bit-blit operation (a block transfer of pixel data) of already
transferred pixel data to a possibly modified location. If so,
then the operation is likely one that can be represented by an
optimized P-frame using the video encoding techniques
described. If not, then the operation may encode the changed
regions by sending one or more macroblocks with new pixel
data. The reusable pixel techniques described with respect to
FIG. 7 are performed relative to the portion of the UI that has
changed (the “dirty” region or changed portion of the dis-
play). The portions of the UI that have not changed may be
encoded using video encoding techniques by reusing mac-
roblocks from prior frames, or in some embodiments, by

10

15

20

25

30

35

40

45

50

55

60

65

10

indicating unchanged regions in the video stream (e.g., by
using a construct that indicates what macroblocks can be
skipped over).

In block 602, the logic calibrates generation of the video
stream to be produced. The UIR server tries to generate
frames to send to the client device just at the right frequency
and point in time so that they make it to the client device in a
timely manner and are not “stale” in the pipe in the case of
overloaded network queues. To do this, the UIR server logic
calibrates generation of the video stream (before and poten-
tially) while it is being delivered to the client device. Calibra-
tion may occur, for example, as a result of obtaining feedback
information from a client device (over, for example, a back-
channel) regarding network conditions and client load. Feed-
back may include network latency and bandwidth informa-
tion as well as client overload conditions. The UIR server may
use this information along with other information about the
client device, such as the device type, model, etc. to calibrate
its synthetic and real time generation of the video stream.
When the UIR server determines that the network is over-
loaded (e.g., the transmit buffer is getting overloaded), the
UIR server may compress harder (e.g., more compression of
the encodings) or slow down the generation of the video
frames. In some embodiments, depending upon the encoding/
decoding, when bandwidth is limited, the UIR may utilize
residual frames to deliver progressive enhancements that the
client may render accumulatively, thus leveraging the addi-
tive construct of residual frames. When, on the other hand, the
UIR server determines that the client device (not the network)
is overloaded, the UIR server may transmit fewer frames.
Similarly, when the UIR server determines that there is abun-
dant bandwidth to deliver data to the client device, the UIR
server may compress lighter to reduce the CPU processing on
the host server needed to provide compression of pixel data.
Other calibrations may be similarly incorporated. The logic
of block 601 may be performed at a variety of times, but is
typically performed prior to transmitting the video encoding
to the client device in block 609.

In block 603, if the analysis of block 601 returned an
indication that such a bit-blit operation of previously trans-
ferred data is occurring (e.g., due to a move, scroll, expose, or
other UI operation), then the logic continues in block 604,
otherwise the logic continues in block 605.

Inblock 604, the logic computes the encoding according to
the video encoding protocol, for example, H.264 described
above and continues in block 609. An example of the com-
putation of the video encoding is described further in FIG. 8
and accounts for reusable pixel information as well as the data
that needs to be sent anew.

In block 605, when the analysis of block 601 returned an
indication that an operation related to previously transferred
data is not occurring, then the logic determines whether an
operation to play video has been indicated. If so the, logic
continues in block 606, otherwise continues in block 608.

In block 606, the logic computes an encoding for remoting
the indicated video playback, and then continues in block
609. This operation may occur, for example, when a user is
using a video on demand application such as YouTube or a
video conferencing application like Skype. In this case, the
logic attempts to leverage the source video stream in con-
structing the remoted video stream. Such an approach is
significantly more CPU efficient than decoding the video
stream into pixels, only to re-encode it onto another video
stream as part of the UL If for some reason the client device is
not capable of decoding the original video stream, or the
available bandwidth to the client device is insufficient to
receive the source video stream (or for other reasons), then the
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logic transcodes the source stream into a proper form to
remote. In some embodiments, the motion vector information
and macroblocks from the original video stream can be
reused at least in part to speed up the transcoding process so
that at least a portion of the original video encoding can be
leveraged. For example, the coordinate system for the area of
the Ul reserved for the video stream may be different from the
coordinate system used for the Ul remoting as a whole; how-
ever the calculations of the new motion vectors may still be
informed by the calculations of the motion vectors of the
video stream

Inblock 608, if the logic has determined that some other Ul
operation has occurred that requires remoting but for which
no motion estimation algorithm is used or is not effective,
then the logic continues to encode pixel data using standard
procedures, for example, using macroblocks with new data
when data has changed, or to reuse macroblocks from prior
frames or to skip macroblocks when data is unchanged, as
appropriate, and continues in block 609.

In block 609, the logic transmits the encoded data (in an
encoded bitstream as dictated by the video protocol
employed) to the Ul remoting code (e.g., UIR client 224 in
client device 220 in FIG. 2). In some embodiments, this is
accomplished using a network connection (e.g., TCP/IP con-
nection 207 in the virtualization logic or host) to the web
browser (not shown) running on the client device, which has
previously established an authenticated connection to the
server’s TCP/IP connection. The web browser can act as a
thin veneer and passes the video stream straight to the video
decoder (often hardware assisted), for example, video
decoder 225, which then renders the data on the display of the
client device. In some embodiments, code is downloaded to
the client device, for example, as Javascript, to meter the
feeding of the video stream to the <video> tag processing by
the browser so as to control the speed of processing of the
video stream. In other embodiments, the TCP/IP connection
to the web browser operates through the guest OS, such as
TCP/IP connection 217 in guest OS 211. In still other
embodiments, the encoded data is sent over TCP/IP directly
to a driver (not shown) for the video decoder native to the
client device. Other embodiments may employ other net-
working protocols other than TCP/IP. FIG. 2 depicts these
different connections as “UIR protocol.”

FIG. 7 is a flow diagram of example logic for analyzing a
user interface for determining reusable pixel data. Logic 700
may be executed, for example, within MKS thread 152 of the
UIR server 204 in FIG. 2 of virtualization logic 120 shown in
FIG. 1. Logic 700 may be invoked, for example, from block
601 in FIG. 6. This logic determines whether the next
changed region to be encoded may be optimized to reuse
existing macroblock information, taking advantage of Ul
frame coherence, or needs to be sent as a key frame (a new
frame), for example, when the user opens a screen wide
application. One or more of the techniques used in this logic
sequence may be implemented in any embodiment. For
example, in the embodiment shown, each technique is exam-
ined to determine reusability (in a series). In other techniques,
one or more techniques are examined in the alternative. In one
example embodiment, a generic video encoder is modified to
implement one or more of these techniques in its motion
estimation portion of its logic.

In block 702, the logic inspects a frame buffer to detect
whether a scrolling or move type event has occurred (looking
for a scrolling or move “fingerprint™) and to determine the
reusable pixel information therefrom. In some embodiments
this is done by detecting a bit-blit by comparing the frame
buffer content to a previous frame buffer content upon receiv-
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ing mouse movement, arrow keys, scroll dial events, and
other user input that would indicate a “move” of previously
visible pixels. If a bit-blit has been detected, appropriate
prediction macroblocks and their corresponding motion vec-
tors are generated. Here, the frame buffer is typically the
virtual frame buffer utilized by the VM that corresponds to the
executing application. Other constructs such as “blitmap”
structures (not shown), such as those implemented by a vir-
tual video adapter driver, may be used to support determining
whether there are regions in the frame buffer that have
changed during some time interval or as a result of certain
operations. (A description of the creation and (other) use of a
blitmap structure is provided in Byford et al.,, US 2010/
0271379, entitled “Method and System for Copying a Frame-
buffer for Transmission to a Remote Display,” published on
Oct. 28, 2010.) Also, in some systems, a prior state of the
frame buffer (in part or in whole) may be cached for compari-
son to determine reusable pixel information. The logic then
continues in block 704 to determine additional possible opti-
mizations keeping track of the ones it has already generated.

In block 704, the logic inspects the guest’s graphics com-
mand stream to detect move, scroll, expose or other type of
relevant Ul events (by, for example, pattern matching particu-
lar commands). If so, appropriate prediction macroblocks and
their corresponding motion vectors are generated, for
example, using information from the previously encoded
frames maintained by, for example, the video encoder 205 of
FIG. 2. The logic then continues in block 706 to determine
additional possible optimizations keeping track of the ones it
has already generated.

In block 706, the logic determines whether it has received
directives (through, for example, notification via an API) of
any Ul semantics. In some embodiments, the logic supports
an API that enables applications (such as a new class of
application, for example a “pixel oriented cloud application”
as opposed to an HTML based application) to be structured
and coded to take advantage of Ul coherence information and
knowledge that its Ul may be remoted, for example, in a
virtualization environment. An application having awareness
of UI remoting (directly or indirectly, for example, through
some type of application framework that hides some or all of
the UT remoting support) may opportunistically cache pixel
information, for example, a next new block of content of
scroll pixels, or a next photo in a slide show, before it is to be
rendered on a display screen. For example, applications (or
other components that aid in Ul remoting) may leverage
H.264 decoder frame caching to pre-load pixel information to
provide a type of “lookahead” to decrease bandwidth usage
and UI latency on the client device.

If the logic determines it has received notification (e.g.,
directives, commands, determination, instructions, etc.) of Ul
semantics, then the logic continues in block 708 otherwise,
continues to block 710. In block 708, the logic determines
whether the received notification pertains to one of these
commands and if so continues in block 709, otherwise con-
tinues to block 710. In block 709, the logic generates appro-
priate reusable pixel and/or other information as described
below, and then continues to block 710.

In block 710, the logic returns the generated pixel infor-
mation including the prediction macroblocks and their corre-
sponding motion vectors. If no optimizations are possible,
then new pixel information (one or more macroblocks) are
returned.

As mentioned, in block 706, the logic may receive com-
mands from the guest application that indicate (e.g., through
the use of an API) that the application is using cached pixel
information, through the use of lookahead techniques (using
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reference frames) to implement certain UI operations. Com-
mon Ul patterns such as scrolling, stretch/pinch, window grab
and move, panning through the UI canvas, etc. can be imple-
mented by having the application provide guidance for the
encoding process to store lookahead pixel information as
reference frames in preparation for using them in the client to
lower bandwidth use and/or latency. For example, inresponse
to application directives (implemented for example using an
API), pixels can be calculated (e.g., composited, transformed,
scaled, rotated, rendered, and the like) and then encoded
using the video encoding techniques described herein and
sent to the client device to be stored as reference frames.
Latency can then be further reduced by performing such
calculations ahead of their use.

The following common Ul patterns provide some exem-
plary examples where a lookahead (pixel caching) mecha-
nism may be useful:

Scrolling (e.g., Through a Linear Document):

This Ul pattern may occur, for example, while a user views
any type of document. In addition to transmitting the cur-
rently viewed section of the document, adjacent sections may
be preloaded predicatively. As the user scrolls in either direc-
tion, a large portion of the displayed document is reused (by
specifying reference frames to already transmitted pixel
data), while only a band of new pixels (preloaded) is dis-
played.

Pinch and Stretch:

This Ul pattern may occur, for example, in photo or map-
based applications. The application (through the API) may
generate and use a mipmap representation (e.g., a collection
of representative images corresponding to different sizes of
the map) while causing the appropriate level of resolution to
be preloaded. Depending upon the user input, the application
can predictably preload the next level of resolution and switch
to the new resolution as appropriate.

Window Grab and Move:

This Ul pattern may occur, for example, when a user grabs
a window (e.g., depressing a pointer device on the window)
and drags it to a new location (e.g., without releasing the
depressed pointer device). The preloaded window may be
moved (using motion vectors) without resending the pixel
data to the client. Likewise, uncovered pixel regions could be
preloaded in reference frames and displayed by simply using
predictive macroblocks that point to these reference frames.

Slideshow:

This Ul pattern may occur, for example, when a user is
viewing a slideshow of a photo collection. An application that
allows a user to view this slideshow may scale a given photo
based upon the resolution of the target client device before
rendering. As the user is viewing a photo in the slideshow
mode, the next photo may get preloaded (and transmitted) by
the server to be stored as a reference frame to enable a smooth
transition from photo to photo. In addition, if a user pauses the
slideshow, the application (through the API) may then pre-
load different resolutions in anticipation of user manipula-
tion. When a user stretches the photo, a new higher resolution
instance (already preloaded and encoded as a reference
frame) is referenced by the video stream.

Panning Through a UI Canvas:

This Ul pattern may occur, for example, when the client is
asmall footprint device such as a mobile device. The user may
want to navigate with ease the user interface (or whatever is
being presented) in some direction, for example up, down,
left, and right. The application can “preload” frames that are
adjacent to the one currently being view by the user in order
to provide a smoother shift to the adjacent content.
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Generally, these techniques can be used to mitigate net-
work limitations in order to provide smooth user interactivity.
Other Ul patterns may be similarly implemented.

FIG. 8 is a flow diagram of example logic for determining
and generating an encoding of user interface data using a
video streaming protocol according to an example embodi-
ment. Logic 800 may be executed, for example, within MKS
thread 152 of the UIR server 204 in FIG. 2 of virtualization
logic 120. Logic 800 may be invoked, for example, from
block 604 in FIG. 6 when at least some pixel reusability is
possible. This logic determines the encodings according to
the process described with respect to FIG. 3 and is specific to
the video encoding protocol employed.

In block 801, the logic determines one or more prediction
macroblocks from a prior transmitted frame that may be
reused, as indicated from the analysis of the logic of FIG. 7
and as described in FIG. 4. This is done for whatever portions
of'the display are being remoted since, in some examples, the
entire display screen may or may not be remoted. The results
of the motion estimation of FIG. 7 will indicate what rect-
angles are reusable. For example, when a document is being
scrolled, there are some portions of the changed regions of the
display (e.g., macroblocks) that are determined to be reus-
able, and other portions of the changed regions that may need
to be sent as new data (e.g., new macroblocks).

In block 803, the logic determines the one or more corre-
sponding motion vectors applicable to the prediction macrob-
locks, as indicated from the analysis of the logic of FIG. 7 and
as described in FIG. 4.

Inblock 805, the logic encodes the remaining rectangles of
the changed regions as new macroblocks, since no reusability
has been determined for this pixel information.

In block 806, the logic encodes the unchanged regions of
the portion of the display being remoted. As described above,
this may be performed by referencing existing macroblocks
previously transmitted, by indicating which macroblocks
may be “skipped,” or by other mechanisms.

In block 807, the logic compresses and encodes the one or
more prediction macroblocks, their corresponding motion
vectors, and the remaining macroblocks and information and
transforms and compresses this information into a bitstream
according to the requirements of the video encoding protocol.
The encoded bitstream is returned at block 808.

FIG. 9 is a flow diagram of example client logic for decod-
ing and rendering a received video bitstream according to an
example embodiment. Logic 900 may be executed, for
example, by the video decoder 225 in FIG. 2 executing, for
example, within the client device 220. Logic 900 receives and
processes the encoded bitstream that results from FIGS. 6 and
8 according to the process described with reference to FIG. 3.

In block 901, the logic receives an encoded bitstream (e.g.,
from the UIR client 224 via a web browser over a TCP/IP
connection).

In block 903, the logic decompresses and decodes the
bitstream according to the video stream protocol to determine
the one or more prediction macroblocks and their associated
motion vectors and residual macroblocks. This may include
performing an inverse transform to recreate the residual mac-
roblock information.

In block 904, the logic computes the pixels to render by
locating the cached pixel information based upon the indi-
cated prediction macroblocks, moves the pixels according to
their respective motion vectors, and adds any difference infor-
mation encoded in the residual macroblock information. Note
that in the typical case, bit-blits do not result in changed
information so that the residual macroblock information is
non-existent (or zero). In some embodiments, for example
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those in which bandwidth is scarce, the residual macroblocks
are used for progressive refinements. In some cases, [-Frames
(key frames) are encoded, compressed, and transmitted, and
thereby rendered as is.
In block 907 the computed pixel information is rendered on
a display device associated with the client device.
The logic then ends.
All of the above U.S. patents, U.S. patent application pub-
lications, U.S. patent applications, foreign patents, foreign
patent applications and non-patent publications referred to in
this specification and/or listed in the Application Data Sheet,
are incorporated herein by reference, in its entirety.
From the foregoing it will be appreciated that, although
specific embodiments have been described herein for pur-
poses of illustration, various modifications may be made
without deviating from the spirit and scope of the present
disclosure. For example, the methods, techniques, and sys-
tems for performing video encoding for Ul remoting dis-
cussed herein are applicable to other architectures other than
an x86 architecture. Also, the methods and systems discussed
herein are applicable to differing protocols, communication
media (optical, wireless, cable, etc.) and devices (such as
wireless handsets, electronic organizers, personal digital
assistants, portable email machines, tablets, notebooks, smart
televisions, game machines, pagers, navigation devices such
as GPS receivers, etc.).
The invention claimed is:
1. A method in a server computing system for efficiently
remoting a user interface on a client device by reusing pixel
information, comprising:
based on a first set of pixel information to be rendered on a
display screen associated with the client device, request-
ing a second set of pixel information, the second set of
pixel information being accessed prior to the second set
of pixel information being requested for display;

receiving an indication from an application that causes the
second set of pixel information to be stored in lookahead
reference frames;

determining, from a user interface aspect of the application

and prior to updating or rendering the remoted user
interface on the display screen associated with the client
device,

whether the second set of pixel information stored in the

lookahead reference frames can be reused to accomplish
the updating based at least in part on one or more of the
following indications from the application: scrolling,
pinch and/or stretching, three dimensional effects, win-
dow movement, and/or window exposure;

when it is determined that the second set of pixel informa-

tion cannot be reused to accomplish the updating, using
a video encoding protocol to generate and encode a
video encoded representation of the updated portion of
the user interface using one or more macroblocks with
new pixel information;

when it is determined that at least one portion of the second

set of pixel information stored in the lookahead refer-
ence frames can be reused to accomplish the updating,

using a video encoding protocol to generate and encode a

video encoded representation that refers to the at least
one portion of the second set of pixel information stored
in the lookahead reference frames, instead of sending
new pixel data; and

sending the encoded video encoded representation to the

client device in a manner that causes a video decoder on
the client device to render the updated portion.

2. The method of claim 1 wherein the video encoding
protocol is at least one of an H.264 protocol or VP8 protocol.
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3. The method of claim 1 wherein the video encoded rep-
resentation of the updated portion reuses the at least one
portion of the second set of pixel in stored in the lookahead
frames by including a reference to a reference macro block
and a motion vector instead of encoding and transmitting new
pixel data.

4. The method of claim 1 wherein the receiving an indica-
tion from the application further comprises receiving an indi-
cation via an Application Programming Interface (an “API”).

5. The method of claim 1 wherein the analyzing the user
interface aspect of the application is performed as part of an
implementation of an API.

6. The method of claim 1 where the second set of pixel
information is transmitted to the client device prior to gener-
ating and encoding a video encoded representation that refers
to the second set of pixel information.

7. The method of claim 1 wherein the determining from the
user interface aspect of the application whether the at least
one portion ofthe second set of pixel information stored in the
lookahead reference frames can be reused to accomplish the
updating comprises receiving indications from the applica-
tion of one or more of: scrolling, pinch and/or stretching,
three dimensional effects, window movement, and/or win-
dow exposure.

8. The method of claim 1 wherein the receiving an indica-
tion from an application that causes the second set of pixel
information to be stored in lookahead reference frames fur-
ther comprises:

on the server computing system, before sending the

encoded video encoded representation to the client
device,

generating pixel information to be stored in one or more of

the lookahead reference frames by calculating pixels;
and storing the calculated pixels in the one or more looka-
head reference frames.

9. The method of claim 1 wherein, when the at least one
portion of the second set of pixel information can be reused to
accomplish the updating,

the at least one portion of the second set of pixel informa-

tion represents one or more of the following:

an adjacent portion of a document, a next image in a
sequence, a covered portion of a UI, and an adjacent
region of a Ul canvas.

10. The method of claim 1 wherein, when the at least one
portion of the second set of pixel information can be reused to
accomplish the updating, the at least one portion ofthe second
set of represents an image of a resolution or size different than
that of the same image currently being rendered by the client
device.

11. The method of claim 1 wherein the server computing
system is a virtualization server computing system and the
updated portion of the user interface is a portion of a desktop
corresponding to a connection to a virtual machine.

12. The method of claim 1 wherein the server computing
system is a physical computing system.

13. The method of claim 1 wherein the method is per-
formed by a virtual machine process and/or a virtual machine
monitor of a virtualization server computing system.

14. The method of claim 1 wherein the client device is at
least one of a personal computer, a wireless or wirelessly
connected device, a phone, a television, and/or a tablet.

15. The method of claim 1 wherein the application is a
cloud-based application not tied to a particular server.

16. A non-transitory computer-readable medium stored in
a server containing content for remoting a user interface on a
client device by reusing pixel information, by performing a
method comprising:
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based on a first set of pixel information to be rendered on a
display screen associated with the client device, request-
ing a second set of pixel information, the second set of
pixel information being accessed prior to the second set
of pixel information being requested for display;

causing the second set of pixel information to be stored in
lookahead reference frames;

determining, from a user interface aspect of the application
and prior to updating or rendering the remoted user
interface on a display screen associated with the client
device,

whether at least one portion of the second set of pixel
information stored in the lookahead reference frames
can be reused to accomplish the updating based at least
in part on one or more of the following indications from
the application: scrolling, pinch and/or stretching, three
dimensional effects, window movement, and/or window
exposure;

when it is determined that the second set of pixel informa-
tion cannot be reused to accomplish the updating, using
a video encoding protocol to generate and encode a
video encoded representation of the updated portion of
the user interface using one or more macroblocks with
new pixel information;

when it is determined that at least one portion of the second
set of pixel information stored in the lookahead refer-
ence frames can be reused to accomplish the updating,

using a video encoding protocol to generate and encode a
video encoded representation that refers to the at least
one portion of the second set of pixel information stored
in the lookahead reference frames, instead of sending
new pixel data; and

sending the encoded video encoded representation to the
client device in a manner that causes a video decoder on
the client device to render the updated portion.

17. The non-transitory computer-readable medium of
claim 16 wherein the medium is a memory of a computing
system and the content is computer instructions stored in the
memory.

18. The non-transitory computer-readable medium of
claim 16 wherein the method is performed as part of an API
implementation.

19. The non-transitory computer-readable medium of 16
wherein the method is performed as part of an application
framework implementation.

20. The non-transitory computer-readable medium of 16
wherein the user interface aspect comprises user interface
commands received from an application executed by the
server computing system.

21. The non-transitory computer-readable medium of
claim 16 wherein determining from the user interface aspect,
whether the at least one portion of the second set of pixel
information stored in the lookahead reference frames can be
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reused to accomplish the updating comprises recognizing at
least one or more of the following: a scrolling operation, a
window move operation, a window expose operation, and a
pan operation across a Ul canvas.

22. The non-transitory computer-readable medium of
claim 16 wherein the video encoding protocol is at least one
of'an H.264 protocol or an VP8 protocol.

23. The non-transitory computer-readable medium of
claim 16 wherein the video encoded representation of the
updated portion of the user interface comprises a reference to
a reference macro block and a motion vector.

24. The non-transitory computer-readable medium of
claim 16 wherein the computer-readable medium is stored as
part of a virtualization environment and the application is
executing as part of a virtual machine environment.

25. A system comprising:

a memory,

a client device;

a display; and

a processor programmed to:

based on a first set of pixel information to be rendered on
the display, request a second set of pixel information,
the second set of pixel information being accessed
prior to the second set of pixel information being
requested for display;

store, in the memory, the second set of pixel information
in lookahead reference frames;

determine, priorto updating or rendering a user interface
on the display associated with the client device,

whether the second set of pixel information stored in the

lookahead reference frames can be reused to accomplish

the updating based at least in part on one or more of the

following indications from the application: scrolling,

pinch and/or stretching, three dimensional effects, win-

dow movement, and/or window exposure;

when it is determined that the second set of pixel informa-

tion cannot be reused to accomplish the updating, using
a video encoding protocol to generate and encode a
video encoded representation of the updated portion of
the user interface using one or more macroblocks with
new pixel information;

when it is determined that at least one portion of the second

set of pixel information stored in the lookahead refer-
ence frames can be reused to accomplish the updating,

using a video encoding protocol to generate and encode a

video encoded representation that refers to the at least
one portion of the second set of pixel information stored
in the lookahead reference frames, instead of sending
new pixel data; and

send the encoded video encoded representation to the cli-

ent device in a manner that causes a video decoder on the
client device to render the updated portion.
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